Introduction
Positron emission tomography (PET), using 18F-fluoro-2-deoxy-d-glucose (FDG) as a tracer, can detect malignant neoplasms with altered glucose metabolism. In recent years, the fusion of images from FDG-PET with those of computed tomography (CT) has been reported to be useful for the detection of the sites of such malignancies.
There are a few reports [1] [2] [3] [4] on the usefulness of PET for the diagnosis of gastric cancer. The rate of detection of gastric cancer by PET is reported to be lower than that for other malignancies. The physiological accumulation of FDG in the stomach may prevent the detection of small malignancies [5] . Thus, the usefulness of PET for detecting gastric cancer has remained uncertain. In this study, we evaluated the clinical usefulness of preoperative FDG-PET for gastric cancer patients.
Patients and methods
A total of 62 consecutive gastric cancer patients who underwent gastric resection with lymphadenectomy at Himeji Central Hospital, from July 2004 to June 2005, were enrolled in this study. They consisted of 42 men and 20 women (average age, 67.6 years). FDG-PET was performed preoperatively along with other examinations.
FDG-PET imaging
PET images were obtained using a PET scanner (Allegro-Philips; Eindhoven, The Netherlands) with a 57.6-cm transaxial field of view and an 18.0-cm axial field of view. All patients fasted for more than 6 h before their scan, and a blood sample was taken to confirm normoglycemia (less than 200 mg/dl). Sixty min before the PET scanning, 4.44 Mbq/kg of FDG was injected. Emission time was 2.5 min/one bed and transmission time was 23 s/one bed. Subsequently, a fusion of the FDG-PET image combined with the CT image was obtained. A nuclear medicine radiologist, who was not aware of the patient data, evaluated each image by visual analysis. Another radiologist confirmed that the diagnosis made by the first radiologist was reproducible.
Total gastrectomy was performed in 22 patients, distal gastrectomy in 31 patients, proximal gastrectomy in 4 patients, and other partial gastrectomies in 3 patients. D2 lymphadenectomy, according to the guidelines of the Japanese Gastric Cancer Association [6] , was performed in 40 patients, D1+α, β in 16 patients, and D0 in 6 patients. Curative resection was performed in 53 patients and noncurative resection in 9 patients.
Clinicopathological factors were evaluated in accordance with the Japanese classification of gastric carcinoma [6] . The histological type of gastric cancer was divided into two types, according to Lauren's classification [7] . The intestinal type consisted of papillary adenocarcinoma (pap), well-differentiated tubular adenocarcinoma (tub1), and moderately differentiated tubular adenocarcinoma (tub2). The diffuse type consisted of poorly differentiated adenocarcinoma (por), signet-ring cell carcinoma (sig), and mucinous adenocarcinoma (muc).
Statistical analysis was performed by the χ 2 test, and P < 0.05 was considered significant. Sensitivity was defined as the number of true-positive cases divided by the sum of the true-positive cases plus the false-negative cases. Specificity was defined as the number of truenegative cases divided by the sum of the true-negative cases plus the false-positive cases.
This study was done according to the revised version of the Declaration of Helsinki (2000).
Results

Primary tumor assessment by FDG-PET
The detection rate of primary tumor in the stomach according to the FDG-PET results is shown in Table 1 . The detection rate of tumors less than 30 mm (16.8%) was significantly lower than that of tumors 30 mm or over (76.7%). The detection rate of early gastric cancer (EGC; 25.9%) was significantly lower than that of advanced gastric cancer (AGC; 82.9%). The detection rate of gastric cancer with nodal involvement (79.3%) was significantly higher than that without nodal involvement (39.4%). Overall, the detection rate of the intestinal type (65.5%) was higher than that of the diffuse type (51.5%); however, this difference was not significant. The detection rate of tumors 35 mm or over of the intestinal type was 100%. (Table 2) The detection rate of intestinal-type EGCs (7/16; 43.8%) was significantly higher than that of the diffuse type (0/11; 0%). Three EGCs less than 30 mm in size (10 mm, 20 mm, and 25 mm) were detected by PET (Table 3) .
Detection rate of EGCs (type according to Lauren's classification) by FDG-PET
Nodal involvement in EGC patients
Seven of 27 EGCs were PET-positive. Two of these 7 PET-positive-patients (28.6%) had nodal involvement. The primary tumors of these 2 patients were intestinal type. In contrast, 20 of the 27 EGCs were PET-negative. None of these 20 PET-negative-patients had nodal involvement. (Table 4) The sensitivity of detection of nodal involvement by PET (34.5%) was lower than that of CT (62.1%). However, the specificity of detection of nodal involvement by PET (97.0%) was higher than that of CT (87.9%), while the accuracy of detection of nodal involvement was 67.7% by PET and 75.8% by CT.
Detection of nodal involvement by PET and CT
Preoperative detection of other tumors and distant metastasis
Preoperative FDG-PET detected colon cancer in two patients, adrenal tumor in one patient, lung cancer in one patient and lung metastasis in one patient.
Discussion
The usefulness of FDG-PET for diagnosis has been established in various tumors, such as head and neck tumors [8] , lung cancer [9] , colon cancer [10] , and esophageal cancer [11] . However, the usefulness of FDG-PET for the detection of gastric cancer has remained unclear. In this study, we evaluated the usefulness of preoperative FDG-PET for the detection of gastric cancer according to histological type, depth of invasion, and nodal involvement, and for the detection of other malignancies.
Sensitivity of detection of primary gastric cancer by FDG-PET
The sensitivity of the detection of primary gastric cancer by FDG-PET has been reported to be 60%-94% [2] [3] [4] . In these previous reports however, many subjects had advanced cancers, and none or few had EGCs. In the present study, the sensitivity of detection of the primary tumor by FDG-PET in the patients overall was low at 58%. However, for those with advanced gastric cancer it was 83%, which was comparable with that in previous reports. In contrast to colon cancer, gastric cancer exhibits various histological types. Stahl et al. [2] examined the sensitivity of FDG-PET for detecting locally advanced gastric cancer. They reported that the detection rate of the diffuse type, according to Lauren's classification, (41%) was significantly lower than that of the intestinal type (83%), and they noted that this phenomenon may be due to the mucin content in diffuse-type gastric cancer, which has a diffuse growth pattern. Their data are supported by the findings of another study, showing low expression of glucose transporter-1 (Glut-1) in signet ring cells and mucinous gastric carcinoma [12] . In the present study, the detection rate of the intestinal type (65.5%) was higher than that of the diffuse type (51.5%) overall, but the difference was not significant. Mochiki et al. [3] also reported no difference in the detection rates of the intestinal type (72%) and the diffuse type (78%). However, among the EGCs in the present study, the detection rate of the intestinal type (43.8%) was significantly higher than that of the diffuse type (0%).
There have been few reports about the sensitivity of EGC detection by PET. Mochiki et al. [3] reported that the detection rate of EGC in their study was 40% (10/ 25). In our study, the detection rate of EGC was 25.9%, and all detected EGCs were of the intestinal type, as seen in Table 2 .
It is noteworthy that two of the seven PET-positive patients with EGC had nodal involvement. The uptake of FDG in malignant cells is reported to be correlated with the tumor growth rate [13] and with the number of viable cells [14] . Also, Kawamura et al. [12] found that the expression of glucose transporter-1 (Glut-1) in gastric cancer was associated with parameters of aggressiveness of the tumor, such as depth of invasion, lymphatic permeation, venous invasion, nodal involvement, and hepatic metastasis. Therefore, a positive PET finding may demonstrate malignant aggressiveness, even in EGCs, and this may be an indicator of the extent of the lymphadenectomy required.
The sensitivity of detection of nodal involvement and the accuracy shown by PET were lower than those shown by CT. However, the specificity of detection of nodal involvement by PET was higher than that of CT. These data are consistent with those of previous reports [3, 4] . However, images obtained by the fusion of PET and CT enable the detection not only of morphologic changes such as the size or shape of the involved lymph node but also of the metabolic abnormalities of the involved lymph node. Chen et al. [4] reported that FDG-PET upstaged 6% of patients from false-negative CT findings and downstaged 9% of patients from falsepositive CT findings, and that the patients who benefited from the FDG-PET detection method were given a timely curative resection, without the need for any extra neoadjuvant chemotherapy. Thus, to detect involved lymph nodes, fusion images of PET and CT may be more useful and informative than CT alone.
The detection of nodal involvement by PET according to the location of involved lymph nodes, according to the guidelines of the Japanese Gastric Cancer Association, may help to ensure adequate lymphadenectomy. Mochiki et al. [3] reported that FDG-PET appeared to provide important additional information concerning the aggressiveness of the tumor and prognosis in patients with gastric cancer.
Finally, we found that preoperative PET was useful, in five patients, for the detection of other malignancies or distant metastasis. Such results add to the advantages of using FDG-PET preoperatively in gastric cancer patients.
In conclusion, larger or more advanced tumors with nodal involvement had a higher detection rate by PET. In EGCs, only the intestinal type was detectable by PET. PET-positive EGCs may be aggressive and carry a high possibility of nodal involvement. Preoperative PET also detected other malignancies and distant metastasis.
Although preoperative PET is not essential for all gastric cancer patients, we recommend that it be performed preoperatively, for the following reasons:
(1) Intestinal-type EGCs that are PET-positive have a high possibility of regional lymph node involvement. Adequate lymph node dissection is needed for patients with such results. (2) In patients with AGC, because almost all PETpositive lymph nodes proved to be involved, we would be able to detect the sites of involved lymph nodes accurately, by using PET combined with CT. Thus, we would be able to plan adequate lymph node dissection preoperatively. (3) Not only distant metastases but also other cancers can be found by preoperative PET.
